Humans have had and continue to have devastating effects on global biodiversity. It has been estimated that in just the last 400 years 127 named bird species have died out, all of them most probably due to human action (Newton 2003) . These extinctions are not only actions of the modern industrialized culture, because as many as a thousand endemic island bird species may have disappeared following early human colonization in the pre-historic period (Milberg and Tyrberg 1993) . Many extant bird species are at present critically endangered by human action. It is predicted that deforestation will cause just under 100 endemic bird species to become extinct on the islands of the Philippines and Indonesia alone in the near future (Brooks et al. 1996) . Of existing tropical forests, 16 million ha are lost annually (Achard et al. 2002) . It is forecasted that one in eight bird species may become extinct over the next 100 years worldwide (Sodhi et al. 2004) . Nearly all (99%) of the threats are due to human activities such as deforestation and hunting (Butchart et al. 2004 ).
These numbers and bleak predictions are not just confined to birds but apply to all organisms. The rate of loss of populations and habitat for animal and plants is estimated to be about 1% per year (Balmford et al. 2003) . On a regional scale in Britain, extinctions of butterflies, birds, and vascular plants were found to be correlated (Thomas et al. 2004) . Thus the losses of birds mentioned in the previous paragraph are without doubt accompanied by losses in other taxa. There is also direct evidence that humans are impacting plants, too, as in Britain there is a relationship between the loss of scarce plants and human population density (Thompson and Jones 1999) .
A recent summit on 'Evolutionary Change in Human-altered Environments' was hosted by the Institute of the Environment at the University of California in February 2007. In the report it is stated: 'As a consequence of [human-induced] impacts, we are witnessing a global, but unplanned, evolutionary experiment with the biotic diversity of the planet. Growing empirical evidence indicates that human-induced evolutionary changes impact every corner of the globe. Such changes are occurring rapidly, even at the level of a human lifespan, bear huge (p.140) economical costs and pose serious threats to both humans and the biodiversity of the planet' (Smith and Bernatchez 2008). Humans have not only destroyed habitats and extinguished species, they have also changed species by domestication, moved them around the world, and released PRINTED FROM OXFORD SCHOLARSHIP ONLINE (www.oxfordscholarship.com). (c) Copyright Oxford University Press, 2018. All Rights Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a monograph in OSO for personal use (for details see www.oxfordscholarship.com/page/privacy-policy). Subscriber: HINARI; date: 19 December 2018 alien species into the wild. All these statements could also have been written in the present tense with an additional note to say that species are now not only transformed by traditional breeding but also by transgenic techniques. One of the major threats to human welfare is the spreading of resistance to antibiotics and pesticides among pests and disease organisms, a clear example of contemporary Darwinian evolution (Palumbi 2001) . It is clear that humans have affected and are affecting the evolutionary process.
Human impact on evolutionary processes
As mentioned in Chapter 6, evolution was previously regarded as a slow process. However, evolutionary changes can occur within short periods of time (e.g. Reznick 1997 , Hendry 2000 , 2006 , Bradshaw and Holzapfel 2001 , Quinn 2001 . Moreover, it has been recognized that what is primarily driving contemporary evolution are the same factors that are behind the present biodiversity crisis and the on-going extinction. The factors that have been identified as drivers of contemporary evolution are: habitat loss and fragmentation, overharvesting, and introduction of alien and invasive species (Stockwell et al. 2003) . Rates of evolutionary change are measured in haldanes (in honour of one of the founders of modern evolutionary biology, J.B.S. Haldane), which is defined as standard deviations of phenotypic change per generation. Obviously the scale of change alters with time: the more generations that pass, the greater the change. Therefore, to judge whether a change has been faster or slower than expected, the residuals from this relationship need to be calculated ( Fig. 8.1 ). It is obvious that evolutionary rates occur on timescales that can be observed and quantified but also that the range of evolutionary rates for different taxa over the same number of generations varies considerably.
Not all changes in morphology, behaviour, and life history observed in response to environmental perturbance (humaninduced or not) are due to genetic microevolutionary change. For example, many saltwater species also occur in the brackish waters of the Baltic Sea and are thus able to reproduce and live at considerably lower salinities compared to that in which they are usually found (Johannesson and André 2006 adapted to the lower salinity in the Baltic or if they represent species that are phenotypically plastic remains unclear.
Both microevolutionary change and phenotypic plasticity seem to matter for explaining occurrences of saltwater species in the Baltic. In flounder Platichtys (p.141) flesus there are two forms that differ in egg characteristics (Florin and Höglund 2008) . One is a pelagic spawning form that lays small and buoyant eggs and the other shows demersal spawning with larger, more robust eggs that sink to the bottom. In the Baltic, salinities fall from the Sound to the east and northwards. The demersal spawning form is more common in the more brackish waters of the northern Baltic. The buoyant eggs of pelagic spawners cannot float in the lower salinities in the north Baltic and suffer great mortality. On the other hand, the sinking eggs of demersal spawners are more robust and can survive the mechanic forces on the bottom of the spawning banks. It is likely that this difference in spawning behaviour and egg characteristics represents a microevolutionary response to salinity.
The turbot, Psetta maxima, is another flatfish that occurs in marine waters and in the Baltic. Their ability to survive and reproduce at low salinity is more likely to be explained by phenotypic plasticity as we could find no population structure among fish caught on the saline west coast of Sweden and fish caught in the Baltic (Florin and Höglund 2007) .
In a review of existing studies it was found that observed phenotypic changes were greater when the environmental change was anthropogenic than natural (Hendry et al. 2008) . This difference may be explained by phenotypic plasticity rather than genetic change. In quantitative genetic studies that were designed to minimize the effects of phenotypic plasticity there was no difference among studies in which the change was anthropogenic or natural. However, the effect was evident for studies of wild-caught individuals in which both genetic and plastic responses may be present.
(p.142) Due to the erection of hydroelectric power dams, the spawning waters of salmonid fishes have been affected. Several measures have been implemented to counteract the damage to fish stocks induced by these changes. They include the introduction of fish ladders so that migrating fish can pass the dams and several variants of supportive breeding using hatchery-reared fish. A growing body of evidence has shown that these altered selection regimes can result in genetic changes (Fleming et al. 2000 , Hutchings and Fraser 2008 , Waples et al. 2008 ).
In the River Dalälven in Sweden, large numbers of hatcheryproduced trout have been raised and released for decades to compensate for the loss of natural reproduction caused by several hydroelectric power plants. This captive stock was founded using wild fish caught in the river. When comparing wild and hatchery-produced fish, phenotypic differences with a presumed genetic basis were observed (Petersson and Järvi 1993 , 1995 , Petersson et al. 1996 . However, careful genetic studies using microsatellites and allozymes have shown that there was no genetic differentiation among the stocks (Palm et al. 2003a) . Unfortunately, the experiments testing for phenotypic differences were not designed in a way that allowed for discrimination between phenotypic plasticity and genetic effects. However, an explanation for the differences among the stocks in morphology and behaviour may be that the observed phenotypic differences represent the actions of non-genetic maternal effects. Such may be mediated, for example, by egg-size differences among wild and hatcheryreared females (Jonsson et al. 1996) .
Thus not all phenotypic changes observed in relation to human-induced changes are of genetic origin and instead represent plastic phenotypic responses. However, phenotypic plasticity also has a genetic component and may thus respond to selection (Via and Lande 1985 , Stearns and Koella 1986 , Scheiner 1993 . It may be that human-induced changes select for species that have evolved the ability of phenotypic plasticity: species that are pre-adapted to live in stressed and unstable environments. On the other hand, it has been suggested that phenotypic plasticity is one of the traits that may be lost when fish become domesticated in hatcheries (Hutchings and Fraser 2008).
Evolutionary responses of harvesting
In harvested or managed populations evolutionary change induced by selective harvesting can be rapid and has been documented in a number of cases. It is predicted from lifehistory theory that increased mortality favours evolution towards earlier sexual maturation at smaller size. Commercial fishing that is selective with respect to size, maturity status, behaviour, or morphology has been shown to cause such shifts (Jørgensen et al. 2007;  Erwin (1991) argued that, in a phylogeny of evolutionary lineages, the part in which species radiated the most should be given priority in protection. The part of the phylogeny in which rare endemics are found would be doomed to extinction in any case as such life forms obviously are not evolving. The radiating part of the phylogeny, on the other hand, represents evolutionary potential. If followed, this strategy would be different from many practical policies in which rare endemic species are considered conservation priorities. Arguments to preserve processes rather than patterns have also been made by several others (e.g. Smith et al. 1993 , Thompson 1996 , Stockwell et al. 2003 A similar debate about conservation priorities prevails when it comes to prioritising among populations within species. Should conservation efforts and resources be put into large and thriving populations that have good future prospects or should they be put into small and peripheral populations? Lesica and Allendorf (1995) argued that the conservation value of peripheral populations depends upon their genetic divergence from other conspecific populations ( Fig. 8.2 To qualify as MUs, populations should show significant differences in allele The applicability of ESUs in situations where populations are continuously distributed has been questioned (Paetkau 1999). However, the main critique of the use of ESU is that when applied, the decision to call a species or population an ESU has most often been based on neutral characters. More genetic markers and the inclusion of non-neutral markers have been called for (Pertoldi et al. 2007 ).
This argument may be illustrated by a study of populations of the endangered North American Karner blue butterfly, Lycaeides melissa samuelis (Gompert et al. 2006 ). This subspecies is morphologically distinct from the nominate subspecies the Melissa blue butterfly, Lycaeides melissa melissa. It was shown that the presence of Melissa blue mitochondrial haplotypes in western Karner blue populations were the result of mitochondrial introgression. Thus western Karner blues were indistinct from Melissa blue butterflies on the basis of mtDNA whereas eastern populations were distinct. The subspecies were clearly separated in nuclear DNA which illustrates the risks of using data from a single locus for diagnosing ESUs.
The concept ESU has been important in practical management and legislation. In a review Fallon (2007) found that a taxonomic unit was much more likely to be included under the US Endangered Species Act if it had been assigned ESU status based on genetic data. Moreover, the type and amount of genetic data used was correlated with whether or not genetic distinction was discovered (the more and the better the data the more distinctions). The author called for guidelines for the evaluation of genetic information to list or delist organisms under the Endangered Species Act and advocated the use of multiple genetic markers. In an attempt to reconcile the many views on ESU, Fraser and Bernatchez (2001) advocated what they called 'adaptive evolutionary conservation'. In this approach many differing criteria could be used alone or in combination depending on the situation to determine the conservation status of species and other taxonomic units. They argued that a rigid, universal definition of an ESU across all species may not be possible. Instead they concluded that the main conservation goal should be to preserve both evolutionary processes and the ecological viability of populations. This would be accomplished by maintaining as many populations within the species as possible so that the process of evolution will not be constrained. To my knowledge this approach has not been applied and ESUs are still in use although more markers, and also non-neutral ones, are used.
The debate over ESU may partly reflect which markers have been in fashion. In the early 1990s mtDNA and phylogenetic reconstructions dominated the scene. With the advent of microsatellites in the mid-1990s there was a call for using allele frequency differences and hence the MU was introduced. Now when selected markers have become more common there is a call to also include (p.148) non-neutral information. Ironically, the debate over non-neutral versus neutral variation was a major impetus for the initiation of the current debate. The debate over ESUs also parallels the endless discussion of species concepts (Fraser and Bernatchez 2001) . Advocates of the phylogenetic and related species concepts tend to favour ESU criteria based on historical and phylogenetic foundations while advocates of biological and similar species concepts have advocated the use of frequency differences and adaptive markers. Now, with the advent of comparative data on whole genomes it has become clear that genomic variation is quite complex. Parts of the genome may be extremely conserved (e.g. coding genes) whereas other regions are more liable to change. Phylogenetic reconstruction of the evolutionary relationships between species works because lineage sorting by genetic drift makes species monophyletic over time. However, as has become evident in the debate over ESUs, incomplete lineage sorting has the consequence that closely related species may share gene sequences. As an example, in North American prairie grouse, the three species of the genus Tympanuchus all share mitochondrial haplotypes (Lucchini et al. 2001) . Also, Pertoldi et al. (2007) ; that is, lack of ecological relevance). As has been discussed in Chapter 4, climate change is one of the major challenges of today. Climates in the future are not only going to be warmer but more fluctuations are also predicted. We do not yet have good knowledge of these effects on genetic variability and how populations are going to respond evolutionarily to more stochastic environments. The conservation genetic paradigm is that the more variation there is, the better. This can be illustrated using a metaphor: the more tools in the tool box, the more problems can be solved. However, is there an upper limit to how large the tool box should be? In other words, should conservation genetic projects ultimately always be aimed at preserving and restoring as much variation as possible? Theoretical considerations suggest that genetic variation actually lowers fitness under selection (Lande and Shannon 1996) . Ecology and genetics, good old-fashioned ecological genetics, will continue to cross foster each other's disciplines and both subjects are integral parts of the study of evolution. One area where ecology, genetics, and evolution come together is in (p.150) understanding disease dynamics. A more complex understanding of immunogenetics-linking studies of disease, genetic variation, and demographic-declines is high on the list of future research priorities. It has become clear that pathogens are emerging and reemerging as significant threats to wildlife and human health at an increasing rate (Acevedo-Whitehouse and Cunningham 2006). Infectious disease may well be the final causative agent which makes small and endangered populations go extinct. Infectious disease has had large effects on feral populations when a disease to which there is no resistance has been introduced, not least in our own species. Thus a fuller and deeper understanding of the ecology and evolution of disease and disease resistance is not only of academic interest but also of importance in practical conservation.
Conservation genetics can be seen as the effort to influence the evolutionary process in ways that enhance the persistence of population (Latta 2008) . To do so we obviously first need to know about genetic variation in threatened species and much of the research throughout the history of the discipline has been aimed at studying and describing this variation. In Sweden, the Natural Environmental Protection Agency recently financed and published a survey of all genetic studies on wild plants and animals in the country (Andersson et al. 2007 ). Accompanying the report was an explicit proposal to the government on how to collect, store, and use such data in practical conservation in the future. International guidelines on how to set up and run such services have also been proposed (Schwartz et al. 2006) . The time has come to implement these suggestions and to ask relevant questions about the evolutionary fate of endangered populations around the globe.
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